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<^ (57) Abstract: Central control unit fox controlling the charging process of a battery that comprises: a charger circuit coupled to the 
battery; a circuit for conditionally prohibiting the charging process when predetermined conditions are met, the conditions comprise 

^ at least the condition f T B > T^, where T B designates the actual temperature of the battery and T^ designates the highest pennis- 
sible battery temperature, and the further condition when the change of one of the battery current and voltage 61 and dU decreases 

^5 in a predetermined time period below a predetermined threshold level; and a restart circuit for restarting the conditionally prohibited 

^ charging, comprising a plurality of inputs through which respective restart signals can be received, wherein a precondition of any 
restart is that the temperature of the battery T B being lower man an acceptable predetermined temperature T^. 
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Central control unit for controlling the charging process of a battery 

The invention relates to a central control unit for controlling the charging 
process of a battery, that examines the existence of the conditions required for the 
5 charging, and in accordance with the result of the examination it enables or 
prohibits the charging process, and in given cases it might change the power of the 
charging. 

The central control unit according to the invention is thus not the charger 
circuit but an independent unit that controls the charging which is a different 
10 complex process itself. 

In charging batteries and especially if batteries of larger capacity are charged, 
the effect that the charging process imposes on the battery has an increased 
significance. If during the charging process the voltage, current, temperature or the 
time of the charging exceeds certain limit values, than it will result in damages in 
15 either the battery or in the charging circuit or the battery cannot be charged till the 
maximum of its capacity or its cycle life time decreases. 

Most of the practically used charger circuits comprise a unit that performs 
certain control function, that prevents the battery voltage during the charging 
process from exceeding a predetermined limit value. The designs capable of 
20 monitoring one or two parameters have simple circuitry but they cannot provide 
optimum conditions for the battery because the number of parameters that require 
inspection is much higher than actually monitored. 

A limited multi-function condition system is monitored e.g. by the integrated 
circuit MC 33340P described in the Master Selection Guide publication SG 73/D 
25 Rev. 17, 1998 of Motorola Inc. This circuit monitors the decrease of the battery 
voltage, and the temperature and voltage of the battery. This charging circuit 
cannot be regarded sufficiently complex to be able to provide optimum conditions 
for the charging of the battery and for the user. 

The provision of appropriate conditions will have the higher significance the 
30 more one wishes to provide optimum conditions for the battery, whereas the claim 
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for optimization covers the fulfillment of the request of the users, which includes 
primarily the decreasing of the charging time. With other words the battery should 
be charged in the possible shortest time to reach its maximum capacity, and the 
charging process should at the same time occur under optimum conditions for the 
5 battery. This task has left so far unsolved even if given size capacity and type of 
batteries by conventional charging circuits. The solution of this task appears to be 
impossible if it is expected from the control unit to satisfy the above complex 
range of requirements in case of batteries with different types, sizes and designs 
that require different charging conditions. The most difficult is the simultaneous 
10 monitoring of the temperature, the electrical limit values of the charging and of the 
end of charge moment, and to provide an immediate and appropriate intervention if 
it is needed. 

The object of the invention is to provide a central control unit for controlling 
the charge of a battery that has an universal use, and which is capable of providing 
15 optimum conditions both for the battery and the user during the charging process. 

According to the invention a central control unit has been provided for 
controlling the charging process of a battery, that comprises: 

- a charger circuit coupled to the battery; 

- a circuit for conditionally prohibiting the charging process when predetermined 
20 conditions are met, said conditions comprise at least the condition of T B > T max > 

where T B designates the actual temperature of the battery and T max designates the 
highest permissible battery temperature, and the further condition when the 
change of one of the battery current and voltage dl and dU decreases in a 
predetermined time period below a predetermined threshold level; and 
25 - a restart circuit for restarting the conditionally prohibited charging, comprising 
a plurality of inputs through which respective restart signals can be received, 
wherein a precondition of any restart is that the temperature of the battery is 
lower than an acceptable predetermined temperature. 
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For performing a protection function the control unit comprises a stop circuit 
prohibiting the commencement of any charging if the battery voltage U B lies below 
a predetermined threshold value U 0 . 

A further protection can be provided if the control unit comprises a final stop 
5 circuit that finally prohibits charging of the battery if the charging current I ch 
exceeds a predetermined maximum value I max . 

In a preferable embodiment a comparator circuit monitors the inequality U B <U 0 , 
and it has an . output coupled to a control line, and a semiconductor switch 
controlling the operation of the charger and has a control electrode connected to 
10 the control line for disconnecting the charging process if the inequality becomes 
true. 

A simple realization is obtained if the final stop circuit comprises a thyristor 
with a control electrode connected to an input receiving the final stop condition 
signal, and the final stop circuit is broken upon removal of the battery only. 

15 In a preferable embodiment the conditional prohibition circuit comprises 
thyristors, each associated with a respective one of the conditions, and the control 
electrodes of the thyristors are connected to prohibition inputs receiving signals of 
said conditions, and the main circuits of the thyristors are coupled to the control 
input of the switch controlling the charging circuit to disable the same when being 

20 activated. 

It is also preferable if the main circuits of the thyristors in the conditional 
prohibition circuit are connected in series with the restart circuit that comprises a 
pair of transistors connected in series, one being controlled by the condition Tb < 
T ok , and the other one in the pair being controlled through an OR gate by all other 

25 conditional restart inputs. 

For controlling the charging process further switches and a further thyristor are 
used, wherein the respective stop inputs of the conditional prohibition circuit are 
connected through the switches to the control electrode of this further thyristor. 
The charger circuit has a mode selector input adjusting a second charging mode 

30 with decreased charging power, and the further thyristor when being set into 
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conductive state enables the second charging mode, and this conductive state is 
maintained till the end of the battery charging process. 

For avoiding superfluous start inhibition a manually operated switch is used 
connected in parallel with the circuit for prohibiting the charging process because 
5 of the low level of the battery voltage to enable manual starting. 

An embodiment comprises light emitting diodes each associated with respective 
one of the prohibition circuit branches to visually indicate the active state of the 
associated branch. 

A more accurate regulation can be provided if a charge power controller is used, 
10 wherein the charging circuit is connected to and being energized by the power 
controller, and the enabling of the charging state starts the power-increasing mode, 
and the conditional charge prohibition state starts the power-decreasing mode of 
the power controller. 

When the central control unit according to the invention is realized in the above 
15 described structure, it will have a universal application i.e. for any type of batteries 
and it can provide optimum charging conditions. 

The central control unit according to the invention will now be described in 
connection with a preferable embodiment thereof, wherein reference will be made 
to the accompanying drawings. In the drawing: 
20 Fig. 1 is the functional block diagram of the central control unit; 

Fig. 2 is the circuit diagram of a circuit controlling the starting process; 
Fig. 3 is a portion of a circuit that ensures final stop of charge; 
Fig. 4 is a sketch of the circuits providing conditional stops; 
Fig. 5 is a portion of a circuit providing conditional automatic restart; 
25 Fig. 6 is the circuit diagram of circuits that change the charging parameters; and 
Fig. 7 is a portion of the circuits that return the unit in the basic state. 

The task of the central control unit is to start or to stop the charging of a battery 
B coupled to a charging circuit CH upon existence of appropriate conditions, and 
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to provide for the battery B during the charging process to be in the permissible 
range of parameters. 

Fig. 1 shows the functional block diagram of the central control unit, wherein 
the battery B is connected to a charging circuit CH. The charging circuit CH is 
5 switched on and off by a power controller SK that has controlled rising and 
declining slopes, operated by control unit 10 and connected between the line 
voltage and the supply side of the charging circuit CH. In the first mode of the 
central control unit instead of the power controller SK a simple switch controlled 
by the control unit 10 can be used, that switches the power line of the charging 

10 circuit CH. The control unit 10 performs the control function depending on the 
result of the signal processing which takes place in several stages. The input 
signals will be those that represent the momentary state of the battery B such as 
the voltage U, the charging current I C h> temperature T which are fed back in the 
form of electrical signals to inputs of signal processing unit 11. In the signal 

15 processing unit 11 a local processing circuit 12 carries out a preliminary 
processing on the fed back signals, i.e. it establishes whether the values of the 
signals fall in respective permissible ranges or not. The next logical unit of the 
preliminary processing (comparison) is the entry of the limit values characteristics 
to the given type of battery and to the selected charging method, which can be 

20 regarded as adjustable external conditions from the point of view of the central 
control unit. Fig. 1 shows this function by the presence of a stage of external 
parameters 13. The actual signal processing takes place in a processing block 14 
which takes into account a plurality of conditions and decides on the basis of the 
external parameters and of the fed back battery parameters whether intervention in 

25 the charging process is required and when this is the case what kind of intervention 
is needed. 

Fig. shows a portion of the central control unit that controls the starting process, 
in which for the case of clarity the power controller SK has been designated by 
contact RS of a relay Rl through which the line voltage is passed to the charger 
30 circuit CH. 
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The relay Rl is connected in the circuit of transistor Tl between the ground and 
an internal power voltage +U. The base of the transistor Tl receives through a 
chain of diodes that form a small voltage step forward or reverse control voltage 
from line LI. Between the collector and the emitter of the transistor Tl a manually 
5 operated switch SI is provided to enable manual switching on of the relay Rl even 
if the transistor Tl is blocked. 

A zener diode Zl is connected between the supply voltage +U and the ground 
through a resistor, and coupled through potentiometer P 1 to negative input of a 
comparator K to pass there a stabilized voltage U 0 . This voltage is equal to the 

10 possible smallest voltage of the battery B to be charged. The positive input of the 
comparator K is connected through a voltage divider to the positive terminal of the 
battery B. The comparator K compares the actual voltage of the battery B with the 
voltage U 0 , and provides a positive voltage at its output only if the condition U B > 
U 0 is met. This condition will not be true for false or completely discharged 
. 15 batteries only, where it is likely that they would be inappropriate for being 
charged. By setting this condition for allowing the start of the charging process on 
the first hand it is indicated that the battery is not in a condition for being charged 
and on the other hand the charging circuit is protected. The positive voltage at the 
output of the comparator K sets the control line LI through a resistor to this 

20 positive level, and under its effect the transistor T 1 opens and allows the charging 
by pulling the relay Rl. If the voltage of the battery does not reach the voltage 
level Uo, then a light emitting diode indicates this fact, and a zero level will prevail 
at the line LI, and the transistor Tl will cut off. It should be noted that during any 
normal charging process the comparator K has always a positive output voltage, 

25 and this condition will be upset only if the battery B is removed from the unit that 
returns the central control unit to initial state as it will be described later. This 
protection remains operative even if during an ongoing charging process the 
battery B or a cell thereof gets shorted or an accidental short circuit occurs. 

In case if the condition Ub > U 0 is not met but the operator is of the view that 

30 the battery is not defective, he can start the charging by the pressure of the switch 
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Sl. If by that time any of the stop conditions is fulfilled, the charging process will 
stop. In case if the battery is good but it had been deeply discharged, then under 
the effect of the charging voltage the comparator K will turn on into a positive 
state, and the charging process can be continued even if the switch S 1 is released. 
5 The circuit part associated with the final end of charge is shown in Fig. 3. The 
output of the comparator K is connected directly to base of a transistor T2, and de- 
pending on its state the transistor T2 is conductive or non-conductive. The 
collector of the transistor T2 is coupled to cathode of thyristor Thl, and the anode 
thereof is coupled through a resistor and a light emitting diode LED6 to the supply 

10 voltage +U. The control electrode of the thyristor Thl is connected through a 
voltage divider to input 12 of the central control unit. Input 12 is connected to a 
current sensor circuit (not shown), and it will take a positive logical level if the 
charging current I C h of the battery B exceeds a maximum current I max determined 
for the actually used battery type. This condition will be met if the battery B 

15 becomes defective, e.g. it has a short circuit. Earlier it was described that during 
the charging process the output of the comparator K is at positive level, therefore 
the transistor T2 receives an open command and its collector is on the low (zero) 
level. In this way the full supply voltage +U will be present between the anode 
ands cathode electrodes of the thyristor Thl. In the moment when a positive 

20 voltage appears at the input 12 that represents the crossing of the maximum 
current, the thyristor Thl is fired, it will conduct, and its anode pulls down the 
voltage of the control line LI through the diode Dl that acts as a separation means. 
The low state of the line LI immediately switches the transistor Tl off that 
finishes the charging. The series light emitting diode LED6 indicates the 

25 conductive state of the thyristor Thl. This conductive state can be finished by the 
removal of the battery only, since this constitutes the main condition for the 
change of state of the comparator K. The stop state caused by the crossing of the 
maximum current is final, there is no way of any restart. 

The circuit shown in Fig. 4 realizes the operational conditions of the signal- 

30 processing block 14. The collector of the transistor" T2 (referred to earlier) is 
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connected to emitter of transistor T3, and the base of this transistor T3 is coupled 
to the voltage +U, thus it receives a control to open state. The cathodes of four 
further thyristors Th2-Th5 are coupled to the collector of the transistor T3, and 
their anodes, like in case of the thyristor Thl, are coupled through respective 
5 resistors and light emitting diodes LED2-LED5 to the supply voltage +U. The 
control electrodes of the thyristors Th2-Th5 are coupled through respective voltage 
dividers to input terminals 6-11 of the unit. The control electrode of the fourth 
thyristor Th5 is connected through a decoupler using three diodes to three input 
terminals 9-11 for receiving individual stop condition signals. The usual stop 

10 conditions are e.g. the followings. Input terminal 6 is controlled if the temperature 
T of the battery B exceeds a permitted maximum temperature T max . A separate 
temperature monitor circuit generates this signal. The input terminal 7 receives a 
control signal from a separate voltage monitor circuit when the actual battery 
voltage U B is higher than a predetermined maximum voltage U bma x- The input 

15 terminal 8 is controlled if the end of charge condition has been reached 
Depending on the charging mode this condition is met if the slope of change of the 
charging current Ic h or of the battery voltage U B (dU or dl) decreases below a 
threshold level, and this condition is monitored by a separate voltage or current 
monitor circuit. 

20 In initial state the transistor T3 obtains an open state control, thus its collector is 
at zero logical level. If a positive logical level will be present at any one of the 
input terminals 6 to 1 1, the thyristor associated therewith will become conductive 
and forces the state of the control line LI to zero level to close thereby the 
transistor Tl that breaks the charging process. The light of the light emitting diode 

25 in the associated circuit gives a visual indication of the cause of the break. The 
conductive state of the thyristors Th2-Th5 persists until the current is broken. The 
transistor T3 performs this task, since it is controlled by the circuit shown in Fig.5, 
which relates to the conditional restart function. 

The base of the transistor T3 is connected through a diode and a resistor to the 

30 supply voltage +U and a pair of series transistors T4 and T5. A switch S2 is 
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inserted in the series circuit of the transistors T4 and T5. The closed state of this 
switch enables the restart function, while its open state prohibits it. The base of the 
transistor T4 constitutes input terminal 5 of the unit, and the positive voltage of 
this terminal is a precondition of any restart. The input terminal 5 receives a 
5 positive voltage if the temperature of the battery T B decreases below a 
predetermined acceptable temperature T ot , thus T B < T ok . The term "acceptable" 
should be interpreted from the aspect of capability of the battery for a restarted 
charging. In an exemplary battery type the values are as follows: T max =41°C, T ok = 
37°C. These values change with the type of the battery and their values are stored 

10 in separate temperature monitoring circuits. 

Input terminals 1 to 4 are coupled through OR gates constituted by diodes to the 
base of the transistor T4, and each of them can be associated with a respective 
restart condition. These conditions are preferably similar to the stop conditions, 
but their values need not be identical, since similar to the temperature a certain 

15 extent of hysteresis might be preferable. A restart will takes place by the fact that 
the simultaneous conductive state of the transistors T4 and T5 removes the open 
state control from the base of the transistor T3 and turns this latter in off state. The 
break of the current of the transistor T3 breaks the circuit of the thyristor that 
stopped previously the charging, and the voltage of the control line LI returns to 

20 the positive level and the transistor Tl opens and charging is resumed. 

The circuits used for changing the charging parameters are shown in Fig. 6. The 
power controller SK shown in Fig. 1 has preferably input P2 for adjusting a second 
mode of operation. If this input is controlled, the charging process is continued at a 
power level, which is lower than the original one. If the battery B to be charged is 

25 not defective, then the charging process is started at the first switching on, and the 
first stop condition will probably occur when the battery has been charged to a 
significant portion of its capacity. Thereafter a lower level charging is sufficient, 
and this requires a second mode for the charging circuit CH. In the circuit shown 
in Fig. 6 the input P2 is controlled by output terminal 13 of the circuit. The 

30 terminal 13 is coupled to anode of a thyristor Th6 inserted in the collector circuit 
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of the transistor T2.A light emitting diode LED 7 is also inserted in this circuit to 
indicate the active state of this mode. 

An npn-type transistor T6 is coupled between the collector of the transistor T2 
and the supply voltage +U. The control electrode of the thyristor Th6 is coupled to 
the junction of a voltage divider coupled between the collector of the transistor T6 
and the collector of the transistor T2. The base of the transistor T6 is connected to 
a common contact terminal of switch S3 that comprises four independent pair of 
contacts. The other contacts of the switch S3 are connected through respective 
decoupler diodes to the anodes of the thyristors Th2-Th5. In case if any 
conditional stop becomes active, and the associated contact of the switch S3 is 
closed, the emitter-to-basis voltage of the transistor T6 increases. As a result, the 
transistor T6 becomes conductive and its current passes a positive voltage to the 
control electrode of the thyristor Th6, it opens and controls the output terminal 13 
and the input P2 with a positive voltage. The precondition of the second mode is 
established already at the stop condition prior to any restart, however, it can have 
an effect at the subsequent restarted mode only. 

Fig. 7 shows the circuit detail that returns the unit into initial state. From the 
previous description the conditions have been explained which are connected with 
the temporary or final stop of charge and with the activation of the second power 
mode. In Fig. 7 a common property of these circuits will become clear, namely 
that the persistence of all of these conditions depend finally on the positive state of 
the comparator K and from the open state of the transistor T2 also controlled by 
the comparator IC If at the end of the charging process the battery B is removed, 
the comparator K changes its state and all circuits of the central control unit 
returns to the initial state and will be ready to a new charging process. This means 
the no one of the thyristors can remain conductive, and no current will flow 
through any of the transistors Tl and T2, whereby the central control unit is set 
into a waiting (standby) mode. The subsequent operations require the existence of 
the starting conditions. 
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The central control unit can be used preferably in such a further mode, in which 
the charging circuit CH is controlled by the power controller SK with adjustable 
rising and decaying slope. Such a controller is described in my Hungarian patent 
210725 which is capable of adjusting the power of any circuit fed from the line 
5 voltage. This is achieved by changing the flowing angle of the alternating power 
feeding the circuit that constitutes now the load within a predetermined angular 
range e.g. between 10° and 270°. The flowing angle is first increased starting from 
the lower limit of the range till the upper limit, and its is decreased in reverse 
direction. The rate of increase and decrease as well as the angular range limits can 

10 be adjusted freely. In the increasing sections the power switched to the battery 
increases, and in the decreasing sections it decreases. In case of using such a 
power controller the operation of the central control unit should be modified only 
in a slight extent. The two states of the relay Rl should be connected to the control 
inputs of the power controller SK associated with the increasing and decreasing 

15 powers, respectively. This means that in case of a conditional stop instead of an 
immediate switching off a gradually decreasing power is fed to the battery B. The 
automated start or the restart mode controls again the increasing power mode. A 
full switch off will be resulted from the unconditional stop states, i.e. if either of 
the conditions U B < U Q or I ch > I raax are met. 

20 The central control unit according to the invention can be used owing to its 
universal character in case of all battery charging tasks, it takes into account the 
specific properties of the batteries and of their charging processes, whereas its 
circuit design is very simple. 

25 
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Claims: 



5 1. Central control unit for controlling the charging process of a battery, 

comprising: 

- a charger circuit coupled to the battery; 

- a circuit for conditionally prohibiting said charging process when predetermined 
conditions are met, said conditions comprise at least the condition of T B > T max , 

10 where Tb designates the actual temperature of the battery and T max designates the 
highest permissible battery temperature, and the further condition when the 
change of one of the battery current and voltage dl and dU decreases in a 
predetermined time period below a predetermined threshold level; and 
• a restart circuit for restarting the conditionally prohibited charging, comprising a 

15 plurality of inputs (1 to 4) through which respective restart signals can be 
received, wherein a precondition of any restart is that the temperature of the 
battery (T B ) being lower than an acceptable predetermined temperature (T ok ). 

2. The control unit as claimed in claim 1, further comprising a stop circuit 
20 prohibiting the commencement of any charging if the battery voltage U B lies below 

a predetermined threshold value U Q . 

3. The control unit as claimed in claim 1, further comprising a final stop circuit 
that finally prohibits charging of the battery if the charging current I ch exceeds a 

25 predetermined maximum value 1^. 

4. The control unit as claimed in claim 2, further comprising a comparator 
circuit (K) monitoring the inequality Ub<Uo, and having an output coupled to a 
control line (LI), and a semiconductor switch (Tl) controlling the operation of 
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said charger and having a control electrode connected to said control line (LI) for 
disconnecting the charging process if said inequality becomes true. 

5. The control unit as claimed in claim 3, wherein said final stop circuit 
5 comprising a thyristor (Thl) having a control electrode connected to an input (12) 

receiving the final stop condition signal, and said final stop circuit is broken upon 
removal of the battery only. 

6. The control unit as claimed in claim 1, wherein said conditional prohibition 
10 circuit comprises thyristors (Th2 to Th5) each associated with a respective one of 

said conditions, and the control electrodes of said thyristor being connected to 
prohibition inputs (6 to 11) receiving signals of said conditions, and the main 
circuits of said thyristors being coupled to the control input of said switch 
controlling the charging circuit to disable the same when being activated. 

15 

7. The control unit as claimed in claim 6, wherein the main circuits of said 
thyristors in the conditional prohibition circuit are connected in series with said 
restart circuit that comprises a pair of transistors (T4, T5) connected in series, one 
being controlled by the condition T B < T ok , and the other one in the pair being 

20 controlled through an OR gate by all other conditional restart inputs (1 to 4). 

8. The control unit as claimed in claim 1, further comprising switches (S3), and 
a further thyristor (Th6), wherein the respective stop inputs of said conditional 
prohibition circuit being connected through said switches to the control electrode 

25 of this further thyristor, said charger circuit having a mode selector input adjusting 
a second charging mode with decreased charging power, and the further thyristor 
when being set into conductive state enabling said second charging mode, and this 
conductive state being maintained till the end of the battery charging process. 
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9. The control unit as claimed in claim 2, comprising a manually operated 
switch (SI) connected in parallel with said circuit for prohibiting the charging 
process because of the low level of the battery voltage to enable manual starting. 



5 10. The control unit as claimed in claim 1, comprising light emitting diodes 
each associated with respective one of said prohibition circuit branches to visually 
indicate the active state of the associated branch. 



11. The control unit as claimed in claim 1, comprising a charge power controller 
10 (SK) with adjustable power-increasing and power-decreasing slopes, wherein said 
charging circuit (CH) is connected to and being energized by said power 
controller, and the enabling of the charging state starts the power-increasing mode, 
and the conditional charge prohibition state starts the power-decreasing mode of 
said power controller. 
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